Objective As the proportion of children living low malaria transmission areas in sub-Saharan Africa increases, approaches for identifying non-malarial severe illness need to be evaluated to improve child outcomes.
INTRODUCTION
An estimated 7.6 million children <5 years of age died in 2010. In sub-Saharan Africa, one out of every eight children died before the age of 5 years. 1 Many child mortality studies in sub-Saharan Africa have been performed in areas highly endemic for malaria. [2] [3] [4] [5] [6] [7] However, as interventions to combat malaria are increasingly implemented, there have been associated declines in disease. 8 If such declines continue, a growing proportion of sick children in sub-Saharan Africa will be managed in areas where malaria is uncommon.
Previous studies have shown that the majority of inpatient child deaths occur shortly after admission. 3 7 9-11 To avert inpatient death, clinicians must quickly identify and respond to clinical signs associated with adverse outcomes. Implementation of a formal triage programme has been shown to reduce child mortality in a low-resource setting. 12 Previous child mortality studies have focused on specific disease processes, [13] [14] [15] [16] [17] [18] [19] children under the age of 5 years 2-4 13 15 20-25 and rural settings. 2 6 20 21 24 25 Studies that comprehensively examine child death are needed to improve the approach to triage.
We aimed to evaluate the performance of the Integrated Management of Childhood Illness (IMCI) criteria 26 to predict adverse outcomes among paediatric admissions in an area of low malaria intensity. As acute febrile illness is a common reason for hospitalisation and death among African children, 27 we studied children presenting with febrile illness at a consultant referral hospital in northern Tanzania.
METHODS Setting
The study was conducted in Moshi ( population >144 000), the administrative centre of the Kilimanjaro Region ( population >1.4 million) and an area of low malaria transmission intensity. 28 Participants were recruited from Kilimanjaro Christian Medical Centre (KCMC), a consultant referral hospital serving several regions in northern Tanzania. Detailed methods for the parent study have been published elsewhere. 29 What is already known on this topic ▸ The majority of child mortality studies in sub-Saharan Africa have been performed in high malaria transmission areas. ▸ Successful malaria control programmes suggest a growing proportion of sick children will be managed in areas where malaria is uncommon. ▸ Most inpatient child deaths occur shortly after admission, underscoring the importance of rapid triage to prevent adverse outcomes.
What this study adds
▸ Most Integrated Management of Childhood Illness criteria performed well for predicting inpatient child mortality in an area where malaria is uncommon. ▸ Clinical evaluation rapidly identified patients likely to have poor outcomes even though they did not reliably identify subsequent laboratory diagnoses.
Study population
In brief, participants were prospectively identified among consecutive admissions of paediatric inpatients at KCMC from 17 September 2007 through 25 August 2008. Admitted patients aged ≥2 months to <13 years with a history of fever in the past 48 h or an axillary temperature of ≥37.5°C or a rectal temperature of ≥38.0°C were eligible to participate. Sample size was determined by the parent study. 29 
Study procedures
Enrolment of participants was performed as soon as possible and prior to administration of antimicrobial therapy. A standardised clinical history and physical examination capturing IMCI criteria were performed by a trained clinical officer who was a member of the study team. Assays were performed in a laboratory operating to good clinical laboratory practices standards. Blood was drawn for aerobic blood culture (4 ml), complete blood count and differential, blood parasites and HIV antibody testing. 30 Thick and thin blood films stained with Giemsa were examined for blood parasites by oil immersion microscopy. Parasite density was determined by standard methods. 31 For HIV seropositive infants aged <18 months, confirmatory testing with HIV-1 RNA PCR was performed. 32 33 Data collection was standardised regardless of hospital outcome.
Clinical definitions
A Blantyre coma score (BCS) of ≤2 defined coma. 34 35 Signs of respiratory difficulty included nasal flaring, respiratory grunting or chest indrawing. Abnormal breath sounds were defined as wheezing or crepitations on auscultation. Severe malnutrition was defined as mid-upper arm circumference (MUAC) <115 mm or weight-for-height z score (WHZ) <−3 in ages ≥6 to <60 months, body mass index-for-age z score <−3 in ages ≥60 months, or bilateral pitting oedema. 26 36 37 Hypoglycaemia and severe anaemia were defined according to IMCI guidelines. 26 Clinical syndromes were based on the IMCI diagnostic guidelines and incorporated for those factors evaluated during data collection. 26 Typhoid fever was defined as IMCI-defined septicaemia and fever for >7 days. 26 
Statistical analysis
All statistical tests were performed at the 5% level of significance (two-sided) using JMP software 8.0.2 (SAS, Cary, North Carolina, USA). Analysis was restricted to study participants with known hospital outcome, death or discharge. Missing data were not included in the analysis and did not impact our findings to the best of our knowledge. WHO AnthroPlus V.1.0.4 (WHO, Geneva, Switzerland) was used to calculate age and malnutrition parameters except weight-for-height. Distance from residence to KCMC was calculated using gvSIG, a geographic information system (Regional Ministry of Infrastructure and Transport of Valencia, Valencia, Spain) for previously mapped village locations.
The performance of IMCI guidelines to predict adverse outcomes was assessed. For binary data, Pearson's χ 2 test or Fisher's exact test (two-tailed) was performed. 38 ORs and 95% CIs were calculated. For continuous responses, a two-tailed t test was performed for approximated normal distributions and Wilcoxon rank sum tests for non-parametric data. Outliers were eliminated using standard techniques 39 except malnutrition parameters from WHO AnthroPlus which were eliminated using WHO-defined ranges.
A multivariable logistic regression analysis was performed. Sex, age and factors significantly associated with inpatient death in bivariable analysis that were assessed at admission, included >95% participants, and were not repetitive with another factor, were included in multivariable analysis. A Bonferroni correction, p<0.05 and k=20, was made to further select variables to be entered into the multivariable model. 40 Any factors that remained statistically significant ( p<0.05) were included in the final model.
Standard measures of test validity including sensitivity (SN), specificity (SP), positive likelihood ratio (LR+) and positive predictive value (PPV) were performed for those factors in the multivariate model and for certain IMCI clinical syndromes.
Research ethics
The study was approved by the KCMC Research Ethics Committee, the Tanzania National Institute for Medical Research Ethics Coordinating Committee and an Institutional Review Board of Duke University Medical Center.
RESULTS
Over the study period, 1154 patients admitted to the paediatric services of KCMC were screened and 644 (55.8%) met eligibility criteria. Of 467 enrolled patients, one patient with unknown hospital outcome was excluded from analysis. Median (range) time from admission to initial assessment was 13.0 (0.0-36.5) h, IQR 1.0-18.5 h and mean of 11.1 h. Of 466 remaining participants, 34 (7.3%) died during admission. Median (range) age was 1.4 years (2 months-13 years) and 200 (42.9%) were female. Median (range) distance to residence from KCMC was 5 (0.6-262) km. Sixty (13.2%) participants were HIV-infected, 11 (2.4%) had positive malaria films and 17 (3.7%) had a bloodstream infection diagnosed by blood culture (table 1) . Table 1 shows the results of bivariable analysis of sociodemographic and clinical characteristics among those who did and did not die during the inpatient period. Death was more likely among participants presenting with fever of >7 days' duration (OR 3.8, p<0.001), those with history of difficulty breathing on admission (OR 5.9, p<0.001) and those referred from another inpatient facility (OR 2.5, p=0.010). History of antibacterial use, antimalarial use, diarrhoeal disease, vomiting and cough were not associated with inpatient death (table 1) .
Demographic and clinical characteristics associated with in-hospital death
Among physical examination findings, death was more likely among participants presenting with inability to sit for those aged >9 months ( 
Malnutrition
Participants who died in the hospital were more likely to exhibit visible severe wasting (OR 4.9, p<0.001) and a low weight-for-age z score (WAZ) ( p=0.014). Severe malnutrition was identified among 97 (27%) of 338 participants but was not associated with inpatient death (OR 1.3, p=0.624) (table 1) . Twenty-four (26.1%) of 92 participants with severe malnutrition also exhibited visible severe wasting. Table 2 shows the results of bivariable analysis of IMCI-defined syndromes and hospital outcome for those aged ≥2 to <60 months. Those who died were more likely to present with ≥1 IMCI danger sign (LR+ 2.08, SN 0.72, SP 0.65, PPV 0.15), with increasing likelihood of dying with ≥2 danger signs (LR+ 6.11, SN 0.52, SP 0.92, PPV 0.33) and ≥3 danger signs (LR+ 10.63, SN 0.98, SP 0.18, PPV 0.45). The presence of IMCI-defined septicaemia was associated with inpatient death (OR 3.0, p=0.003) but was not predictive of positive blood culture (LR+ 0.86, SN 0.27, SP 0.69, PPV 0.03). Participants meeting clinical criteria for typhoid fever were more likely to die (OR 6.0, p<0.001), but this did not identify the two participants with Salmonella typhi bloodstream infection. No participants with IMCI-defined non-severe malaria died (OR undefined, p=1.00). Of three participants meeting criteria for non-severe malaria, all three (100%) had a positive malaria smear (LR+ infinity (division by zero), SN 0.38, SP 1.00, PPV 1.00). Of 11 participants with ≥3 severe malaria predictors, three (27.3%) had a positive malaria blood smear (LR+ 0.34, SN 0.33, SP 0.02, PPV 0.27). The presence of ≥4 severe malaria predictors identified one of nine positive malaria smears (LR+ 13.72, SN 0.11, SP 0.99, PPV 0.25). There were no deaths with laboratory-confirmed typhoid fever or malaria as described previously. 29 Other clinical syndromes associated with death during admission are presented in table 2. Of 78 participants aged ≥60 months, four (5.1%) died, accounting for 11.8% of deaths; there was no association between IMCI syndromes and death in this age group.
Performance of IMCI criteria and admission diagnoses in predicting adverse outcomes
Malaria and pneumonia were diagnosed clinically on admission in 274 (58.8%) and 232 (49.8%) participants, respectively. Admission diagnoses of malaria, pneumonia, typhoid fever and septicaemia were not associated with inpatient death.
Multivariable analysis
BCS <5 (OR 27.2, p<0.001) and visible severe wasting (OR 6.9, p<0.001) were independently associated with inpatient death. Presentation with one or more of these factors predicted 24 (70.6%) participants who died (LR+ 6.33, SN 0.71, SP 0.89, PPV 0.34). 
Days spent in hospital and inpatient death
Inpatient death was associated with a shorter hospital stay (OR 6.5, p<0.001) with a median (range) of 4 (0-31) days for those who died in-hospital and 7 (1-99) days for those discharged alive. Participants who died were more likely to spend ≤2 days in the hospital compared to those discharged alive, who were more likely to spend >2 days (OR 6.5, p<0.001).
DISCUSSION
IMCI clinical signs and syndromes performed well for predicting inpatient death in a low malaria transmission setting. These findings suggest clinical signs often associated with malaria in high transmission areas are indicative of severe nonmalarial illnesses in areas where malaria is uncommon. Given that children often present at a healthcare facility before death 25 41 and often die soon after admission, 3 7 9-11 identifying those at high risk for death and focusing on this group for immediate use of potentially life-saving interventions is essential. To avert inpatient death, healthcare workers should utilise IMCI criteria along with malaria testing to prevent malaria over-diagnosis and to prevent delayed recognition of severe nonmalarial illnesses in areas where malaria is uncommon.
Signs of respiratory distress and abnormal mental status have been associated with child death in areas of high malaria transmission. 5 7 10 20 42 We have shown these signs are also important in non-malaria endemic areas. Presentation with BCS <5 or severe wasting identified 71% of children who died of nonmalaria illness in an area where malaria is uncommon. IMCI-defined syndromes effectively predicted inpatient death in children aged ≥2 to <60 months, but were poorly predictive of laboratory diagnoses, suggesting these syndromes may be useful to identify a child at risk for an adverse outcome but less useful to guide more specific diagnosis and treatment. Besides severe anaemia, laboratory diagnoses did not predict inpatient death. We demonstrate the importance of considering nonmalaria causes of anaemia. Despite enhanced laboratory diagnostics, many deaths were not explained with microbiological evaluations, underscoring the importance of clinical evaluation. 29 Our findings support a prior study that showed a subset of clinical signs may be useful to predict risk of inpatient death. 10 We confirmed that a low WAZ, a measure that does not differentiate chronic from acute malnutrition, 26 43 44 is a risk factor for child death. 21 44 45 The prevalence of severe acute malnutrition was high but not associated with increased risk for death. HIV-infected participants were more likely to be malnourished. Although visible severe wasting was independently associated with death, this accounted for only a quarter of participants with severe malnutrition by anthropometric measurements, suggesting that healthcare workers identified only a subset of malnourished children and should not rely on observation of severe wasting alone.
Our study confirmed that sub-Saharan African children who die in-hospital often die soon after admission. 3 7 9-11 While the majority of deaths in prior studies occurred within 48 h of admission, the median time to death was 4 days in our study. Many of these prior studies were in rural district hospitals with high malaria transmission rates. A subset of severely ill children may have died before reaching our referral centre. Our findings confirm the narrow window for life-saving interventions for a sick child presenting to a healthcare facility.
Our study had several limitations. There is a possible selection bias as mean time from admission to initial assessment was 11.1 h with a median of 13.0 h, potentially missing severely ill children who died very soon after admission. Our study was conducted in a consultant referral hospital, limiting generalisability to other healthcare facilities. Although we demonstrated IMCI criteria performed well in predicting inpatient death, they were not developed for this purpose. Having a control group in a high malaria transmission setting would have strengthened our study. A larger number of children in the ≥60-month age group would have made our study more comprehensive and robust. Although a large number of potential predictors of inpatient death were examined, we used a Bonferroni correction to mitigate the effect of multiple comparisons. 40 In an area of low malaria transmission, IMCI clinical signs and syndromes helped to identify children at risk for adverse outcomes and are valuable regardless of local malaria epidemiology. Since no participant who died in our study had malaria, IMCI signs predicted outcomes for severe non-malarial illnesses. Although malaria was often clinically diagnosed, few were confirmed positive by malaria smear. Inappropriate focus on malaria in a low transmission setting may delay recognition and management of severe non-malarial illnesses. As areas of low malaria transmission are likely to expand, 8 identifying clinical danger signs and improving algorithms to rapidly triage a child according to risk of death in these settings may further reduce child mortality.
